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INTRODUCTION
Determination of serum immunoglobulin concentrations as part of the evaluation of a patient with connective tissue disease is of potential importance in furthering our understanding of the pathogenic processes involved in autoimmune and inflammatory reactions, and is of diagnostic value in detecting associated immunoglobulin deficiencies. In addition to the inflammatory joint disease found in patients with hypogammaglobulinemia (1) (2) (3) , an association between juvenile rheumatoid arthritis (JRA) and selective IgA deficiency has been delineated (4) (5) (6) .
Received for publication 3 The significance of immunoglobulin measurements in a single individual expressed as serum concentrations in milligrams per milliliter has been difficult to assess because of biologic variables such as sex and age which affect their interpretation (7) . A method for expressing immunoglobulin levels in relation to a population group stratified by sex and age has been developed in this laboratory in order to study discrete immunoglobulin responses in JRA. For ease of statistical analysis, a process of standardization has been used in which each immunoglobulin value is normalized by comparison to the control group. In this manner variations in immunoglobulin concentrations can be examined for previously unrecognized abnormalities and the relative range of comparative immunoglobulin values can be computed.
In the present study data are developed which show that the. relative frequency distribution of serum IgA concentrations is abnormal in patients with JRA, whereas the distributions of IgG and IgM are normal. In addition females with this disease exhibit a lesser degree of hypergammaglobulinemia in the IgA and IgM classes than males. the sex-age ranges present in this study were established with 520 sera from a community health study. These sera were segregated by sex into 5-yr age groups, and means and standard deviations for the immunoglobulins were determined on log, transformed data which represented the central 95% of the original computation. For the group at 10 yr, which was the mean age of the patients in this study, these values in milligrams per milliliter and the slopes of the respective regression lines in loge units per year of age were: males-IgG 10.41, 2.6+0.8 X 10', IgA 1.16, 1.3±0.1 X 10', and IgM 0.77, 0.16+1.6 X 10-3; females-IgG 11.13, 1.3+0.8 X 10-3, IgA 1.15, 1.0±0.1 X 10`, and IgM 1.06, -1.5 ±1.5 X 10-3.
METHODS
Immunoglobulin concentrations in milligrams per milliliter inl an unselected population are not homoscedastic (7); however, logarithmic derivatives yield a normal distribution. Loge transformations were therefore performed on the immunoglobulin concentrations of the individuals with JRA before standardization, as this process depends upon the use of confidence intervals symmetrically placed about the mean. Standardization permits subsequent use of statistical procedures which employ parametric concepts and allows expression of a sex-age corrected value which is an accurate indication of an immunoglobulin's concentration in relation to the spectrum of values seen in a normal population. In the process of standardization the appropriate sex-age mean for each immunoglobulin in the control population is subtracted from the patient's respective immunoglobulin con- FIGURE 2 Relative frequency distribution of serum concentrations of IgA plotted as natural logarithms against number of sera. One was added to all values before logarithmic transformation in order to include the 0 concentrations. Eight patients with undetectable IgA were essentially beyond the defined limits of the abscissa on a logarithmic scale; therefore the indicated scale distance is only relative. Cumulative distribution on a normal probability scale in the insert; dotted line is computed from +1.96 SD of the data with the cases of 0 concentration omitted.
that for males. These observations have been interpreted as representing a relative deficiency of immunoglobulin class response in females and may find significance in the fact that JRA is at least twice as common in girls as in boys. In individual patients in this study there was a marked concordant relationship between the concen- trations of IgG and IgM, and a lesser but still significant dependence between IgG and IgA. Observations made in the present study must be tempered by the fact that serum immunoglobulins were measured at a single interval of time. Assays of sequential sera have been performed, however, on patients with undetectable IgA in our clinic, and this deficiency has been a consistent defect with one exception, a girl who had reversal of her immunodeficiency after plasma transfusions (28) . The pathologic significance of the diffuse hypergammaglobulinemia seen in patients with JRA, or its relationship to sex, is not clear. It may reflect a specific or a nonspecific response to antigenic stimuli or inflammation. Serum immunoglobulins in an individual patient reflect a dynamic equilibrium of synthesis, catabolism, and distribution within the vascular and extravascular compartments (29) . Increases in both synthetic and catabolic rates of IgG have been demonstrated in patients with rheumatoid arthritis (30) . In mice it has been shown that sex influences gamma globulin metabolism (31) . Female mice of the A strain displayed discontinuous half-life distributions of yG-globulin, whereas males showed a more symmetrical curve. In normal human females serum IgM concentrations are higher throughout the age span than in males (32) .
Previous reports of serum immunoglobulin concentrations in the general population have indicated that they are log-normally distributed (7) . In the present study in JRA, values for IgG and IgM were distributed lognormally, while those for IgA were not. The significance of the occurrence in JRA of a group with selective IgA (34) . IgA deficiency has been reported in children with ataxia telangiectasia (35) , in families of patients with hypogammaglobulinemia (36) , in systemic lupus erythematosus (37), in steatorrhea (38) , and in individuals with recurrent sinopulmonary infections (39, 40) . IgA deficiency has also been reported in "normal" adult males (41) .
Selective IgA deficiency might be secondary to the presence of anti-IgA antibodies. These anti-globulins have been described in some patients with ataxia telangiectasia who have increased immune elimination of exogenous IgA (42) . It is also possible that transplacental passage of antibodies directed against lymphoid precursor cells destined to synthesize IgA might block their differentiation in the fetus. Dray has shown in rabbits that maternal isoantibodies to allotypic specificities of gamma globulin may interfere with the ability of the progeny to exhibit the corresponding allotype in serum (43) . Kincade, Lawton, Bockman, and Cooper found that anti-IgM antibody injected into the chick embryo prevented development of both IgM and IgG producing cells and led to suppression of synthesis of these immunoglobulins after bursectomy (44) . The report of Fudenberg and Fudenberg suggested that maternal 7S agglutinins directed against determinants in fetal gamma globulins might be important in the etiology of transient hypogammaglobulinemia of infancy (45) .
The pathologic significance of the selective IgA deficiency seen in JRA is basically unknown. It was found in 4% of the patients in the present study. Other investigators have cited the frequency of IgA deficiency in JRA as 2-9% (5, 26, 46) . As a form of immunodeficiency, this defect may be associated with impaired immunologic surveillance. In contrast to diffuse hypergammaglobulinemia, IgA deficiency may thus be more intimately related to pathogenesis as a reflection of a more profound but as yet unidentified immunologic disturbance involving the cellular immune system (46) . ACKNOWLEDGMENTS 
